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? ???????????? DNA ???????????????????
???????????????????????????????????
???????????????????? DNA?????????????
??DNA???????????????????????????????
???????????????????????????????????
??????? (ORC) ????????ORC???????? Cdc6? Cdt1
??????????????????????????????? Mcm2-7
?????????????????????????? 
? ?????????????Cdc6 ? Cdt1 ???????????????
???????????????????????????????????
???????????????????????????????????
????Cdt1 ? Cdc6 ?????????????????????????
???????????????????????????Cdt1 ? Cdc6 ??
???????????????????????????????????
???????????????????Xenopus????????????
?????????????? 
??????? 
1?Cdt1-Cdc6 ????????????? 
? Cdt1??????N??? (Cdt1-N; 1?243 a.a)??? (Cdt1-M; 243?447 
a.a)?C??? (Cdt1-C; 447?621 a.a) ??????????His-tag????
??????????????????????? GST-Cdc6 ???????
??? pull down assay???????????His-Cdt1-M??? GST-Cdc6
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??????????????????????His-Cdt1? GST-Cdc6???
??His-Cdt1-M???????His-Cdt1-M???????????GST-Cdc6
?? His-Cdt1 ??????????????????????Cdt1 ????
???? Cdc6???????????????? 
2?Cdt1 ???????? DNA ?????? 
Cdt1 ??????????????? Cdt1 ??????????????
??Mcm6???????????????DNA?????????????
????????? Cdt1????????????????????????
????????Cdt1 ???????? Cdt1 ??????????????
???????His-Cdt1-N?His-Cdt1-C?????? DNA????????
??????????His-Cdt1-M??????? DNA????????? 
????Cdt1????????????????????????????
???? 20?????? DNA?????????????????????
??????His-Cdt1-M ????? Mcm6 ???????????????
????????????????????????? Cdt1????????
????????? DNA ????????????????????
His-Cdt1-M????????????DNA???????????????
????????????????? DNA????????????????
??????????DNA ?????????????????????
Mcm2-7 ????????????? Mcm4 ???????????????
DNA polymerase α?????????????????????????? 
?????His-Cdt1-M??? DNA??????????????????
???????DNA??????????????????????????
??Mcm2-7??????????????????????????? 
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??????????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????????????????
?
?????????????? ?????????
?????????????? ???????????????????????????
? ??? ???????????????????????????? ??? ???????
?????????????????? ??? ????????????????????
?????????????????????????????????????????
??????????????? ????????????????
?
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????????????DNA????????????DNA?????
??????????DNA???????????????????????
????? (Figure 1-1)?(Blow and Laskey, 1988; Diffley, 1996; Tada and 
Blow, 1998)??
????????????????????? (pre-replication complex; 
pre-RC) ??????????? DNA ????????????????
pre-RC???????????????????? (ORC) (Chesnokov et al., 
2001; Speck et al., 2005)?Cdc6 (Grallert and Sipiczki, 1991; Lisziewicz et al., 
1988)?Cdt1 (Chong et al., 1995; Hofmann and Beach, 1994; Tada et al., 1999; 
Tada et al., 2001)?Mcm2-7????(Ishimi, 1997; Maine et al., 1984; You et 
al., 1999)???????????????????????????????
??????????? pre-RC??????? (Figure 1-2)?(Bell and Dutta, 
2002)??
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?????????????? ???????????
? ?????????????????????????????????????????????????
?????????????????????????????? ???????????? ??????
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??????????????? ORC????????ORC???? Cdc6
? Cdt1 ?????????????(Coleman et al., 1996; Donovan et al., 
1997; Herbig et al., 1999; Maiorano et al., 2000)????Mcm2-7????
Cdc6? Cdt1????????????????(Tanaka et al., 1997)?Cdc6
? ATP????????????????????????????????
????????(Figure 1-2)????????????????? geminin?
????????Cdt1 ???????????????????DNA ???
????????????????????(Lee et al., 2004; Tada et al., 2001; 
Wohlschlegel et al., 2000)??
?
???? ????????????????????
?
??????????????????????????????????
?????????????????????????? ???????????
??????????? DNA??????????????????????
??????????????????????? (Figure 1-3) (Lohka and 
Masui, 1983)?????????????????????????????
???????????????????????????????????
???????????????????????????????????
????????????????????????????????
?
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?
???????????????????????????????
? ????????????????????????????????????? ???
????????????????????????????????????????
????????? 
 
???? ?????? 
Cdt1??Mcm2-7??????????????????????????
???????????????????????????????????
??????Cdt1???????????????????????????
???????????????????????????????????
???????????????? 
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???
???
????
???
????
???
????
????
???
????
????
???
???? ????
???
??????????
?????
??????????
???????
?????????
 
??????????????? ? ???? ???????????????
? ???? ? ???? ????????????????????? ??????????????
?????????????????????????????????
?
?????????????Cdt1 ? Cdc6 ???????????????
Mcm2-7 ????????????????????????????(Figure 
1-4) (Tsuyama et al., 2005)??????? Cdt1? Cdc6??????????
?????????????????????????
??????????Cdt1???????????????????????
Cdt1 ? Cdc6 ????????????????????????? Cdt1 ?
??????? DNA ?????????????????????????
???? 
?
?
 
???? Cdt1 ?????????????????????????
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?
???? Cdt1 ???????????
 
Cdt1?????? N??? (Cdt1-N; 1-243 a.a)??? (Cdt1-M; 243-447 
a.a)?C ??? (Cdt1-C; 447-621 a.a)???????????????? 
(Figure 3-1)? 
?
!"#$%& !"#$%' !"#$%!
()* +,
-.* +,
/01
!""#&2-34*56789: !"#$
!"#$%&
!"#$%'
!"#$%!
-;( ;;) <-$$
$%&'('()'(*'($+
59=7>:9>?*6=#989#@
'!'*A9>"9>?
BCD#7D5@:9:
/E1
/64*61
F
-F
;F
<F
GF
$FF
>D
>7
,
&
E
*
:
@
>
#H
7
:
9:
/I
*
D
J*
=
D
>
#C
D
51
2
9 :%
!
"#
$
2
9:%
!
"#
$%&
2
9:%
!
"#
$%'
2
9:%
!
"#
$%
!
/!1
?
??????????????? ???????????
???????????? ???? ????????
??????? ???????? ??? ???????????????????
??????? ?????????????? ???? ???????? ??? ????? ???? ???
??????????????????????????????????????? ?????????? ????????
????????µ???????????????????????? ????????????????
????????????????????????????? ?????? ????????
????? ??????? ??????? ??? ???????????
?
Cdt1-N ? Cdt1 ??????????????Cdt1-M ?????????
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?? geminin ??????Cdt1-C ? Mcm2-7 ??????????????
???????? (Ferenbach et al., 2005)??? Cdt1-N?????????
???????????????????? (Figure 3-1 A)???????
Cdt1?????Cdt1-N?? Cdt1-M??? (1-363 a.a) ?????DNA??
???????????????????? (Yanagi et al., 2002)?Cdt1-M?
Cdt1-C ??????????????????????Cdt1 ???????
???????????????????? 
??????? Cdt1 ???????????????Cdt1-N?Cdt1-M?
Cdt1-C ? N ??? His ?????????????????????? 
(Figure 3-1 B)???? Cdt1 ?????????????????????
Cdt1 ???????? DNA ?????????????????????
DNA???????????????? (Figure 3-1 C)? 
 
???? Cdt1 ? Cdc6 ??????????
? ?
Cdt1?????? Cdc6?????????????????Cdt1????
????(His-Cdt1?His-Cdt1-N?His-Cdt1-M?His-Cdt1-C) ? GST-Cdc6 ?
????pull-down assay???? (Figure 3-2)??? Cdt1???? buffer?
? GST-Cdc6 ?????23??????????????Ni-NTA ?????
??????????????????????????????His-Cdt1 (?
?) ???????????Cdt1? Cdc6??????????????(Figure 
3-2)?????His-Cdt1-M ? GST-Cdc6 ????????????????
(Figure 3-2)??
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????????
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????????????????
??????????????????????
??????????
??????
?????
?????????
?????????????
????????????????
????????
????????
??????????
??????????
??????????
? ? ? ? ?
? ? ? ?
? ? ? ?
? ? ? ?
? ? ? ?
?
?
?
?
? ? ? ? ?
? ? ? ?
? ? ? ?
? ? ? ?
? ? ? ?
?
?
?
?
????????? ?????
????????
???? ?
??????
?
??????
?
???????????????????????????????? ? ???? ?????
??? µ?? ???????? ? ??? µ?? ???????? ?????????????????????????? ???? ?? ??
????????????????? ???? ???????? ??????????????????
?????????????????????? ????????????????????????? ????????????
????????
? ?
????GST?GST-Cdc6??? buffer???His-Cdt1?????????
???pull-down assay???? (Figure 3-3 A)?His-Cdt1? GST-Cdc6??
?????GST ??????????????His-Cdt1 ? GST-Cdc6 ???
??Cdt1? GST?????????????Cdt1? Cdc6????????
?????????(Figure 3-3 A)??
??? ATP???????? ????????His-Cdt1?GST-Cdc6??
?????? pull-down assay???? (Figure 3-3 B)?ATP?????? ATP
?????????????????????????????(Figure 3-3 B)?
??? Cdt1 ? Cdc6 ????????? ATP??????????????
????
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?????
???? ?? ?
?????????????
???????? ????????
???????????????
*
*
? ???
? ?? ?
????????
??? ?????
??? ? ? ? ?
? ? ? ? ? ? ? ?
? ?? ?
????????
??? ?????
????????
?
??? ?????
????? ?????
? ? ? ?? ????????
??????
?????
???? ?? ?
?????????????
???????? ????????
?????????????? ????
A
B
?
???????????????????????????????? ? ???? ?????
??????? ? ???? ??????? ????????? ??? µ?? ???????? ???? ???????
?????????? µ?? ???????? ????????? ?? ???????????????????
???? ???????? ???????????????????? ?????? ???????????? ?
?????? ?????? ???????????? ???????????? ???????????
???????? ??????????? ??????? ??? µ?? ????????? ??? µ?? ????????? ???
?????????????????? ?? ??????????????????? ????
???????? ???????????????????? ?????? ???????????? ???????
?????? ???????????? ????????
?
???? Cdt1-Cdc6 ???????? Cdt1 ???????????
? ?
????Cdc6 ?????? Cdt1-M? Cdt1 ? Cdc6 ??????????
?????? pull-down assay ????????? (Figure 3-4)?????
GST-Cdc6? His-Cdt1??? buffer???His-Cdt1-M????23?? 20?
????????????Gultathione-Sepharose ????????????
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??????????????????????His-Cdt1-M????????
???GST-Cdc6 ?? His-Cdt1-M ???????????? His-Cdt1 ?
GST-Cdc6 ??????????????????(Figure 3-4)?????
Cdt1-M? Cdt1? Cdc6?????????????????????
????????????? ????
?
??? ?????????? ????
?
??? ????? ??
? ????????
?? ????? ??
?????????
??????
?? ?? ?
??????????????? ?? ?
?????? ?
????????
????????
??????????
????????? ?????
???????????????? ????????????????
??????????
?????? ????
?
???????????????????? ???????? ???? ????????????
??? µ?? ???????? ? ??? µ?? ???????? ?????????? µ?????? µ????? µ????? µ??
? ??????????????????? ?? ?????????????????????????????????? ?
??? ???????? ???????????????????? ?????? ???????????? ???
???? ?????? ???????????? ??????????????? ????????????
?
?
?
?
?
?
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???? Cdt1-Cdt1 ???????????
 
Cdt1????? 70 kDa????????????? 300 kDa??????
Cdt1 ?????????????Cdt1 ?????????????????
??????
????GST-His-Cdt1 ? His-Cdt1 ?????????????
Gultathione-Sepharose???? pull-down assay?????????????
???????(Figure 3-5)? 
?????????
??????????
???????? ? ? ?
?
????????
?
? ????????
?? ????? ??
?????????
?????
???? ?? ?
?????????????
???????? ????????
??? ?????
? ???
??
? ? ?
???????????? ? ?
???????? ?
???? ?
?? ? ?? ?
????
????????
????????
?
????????????????????????????????????? ???????????
??? µ?? ???????? ?????????? ??? µ?? ???????????????????? ????????
? ?? ?????????????????????????????????? ???? ???????? ??????
?????????????? ?????? ???????????? ?????????? ?????? ????????
??????? ????????
?
?
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?????GST-His-Cdt1?His-Cdt1????????????? (Figure 
3-5)???????0.1 µM?His-geminin??????GST-Cdt1??His-Cdt1
???????????? (Figure 3-5)?????Cdt1???????????
??????? geminin??????????????? 
?? Cdt1?????????????????????????????
???Cdt1??????????? pull-down assay???? (Figure 3-6)?
?????His-Cdt1-M? GST-Cdt1??????????His-Cdt1-N?
His-Cdt1-C?????????GST-Cdt1??????? (Figure 3-6)???
???Cdt1??????? Cdt1-M???????????????????
?? 
????????
?
??? ?????????????
??????? ??????????????
? ????????
???????? ??
?????????
?????
???? ?? ?
?????????????
???????? ????????
????????
??? ?????
??? ????? ??
??? ????? ??
??? ????? ??
?
? ? ? ??
? ? ?
? ? ? ?
? ? ? ?
? ? ? ?
?
?
?
?
?
? ? ? ??
? ? ?
? ? ? ?
? ? ? ?
? ? ? ?
?
?
?
?
????????? ? ???
????????
????????
??????????
??? ???????
??? ???????
 
???????????????????????????????? ? ???? ???????????
??? µ?? ???????? ? ??? µ?? ???????? ?????????????????????????? ???? ?? ??
???????????????????????????????? ???? ???????? ??????????
?????????? ?????? ???????????? ??????? ????????????? ????
??????? 
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???? ?????? Cdt1 ??????????????
?
???? Cdt1 ????????????? Cdt1 ??????
 
Cdt1???????????????? Skp1-Cul1-F-box (SCF)-Skp2??
? Cul4-DDB1 ????????????????????????????
???????????S ????? Cdt1 ? N ?????????
proliferating cell nuclear antigen (PCNA) ?????? (PIP box ; 6-13 a.a) 
????PCNA??????????Cul4-DDB1????????? (Arias 
and Walter, 2006; Maga and Hubscher, 2003)?????????? Cdt1?
Cul4-DDB1????cyclin- dependent kinase (CDK) ???????????
? SCF-Skp2 ??????????????????? (Nishitani et al., 
2006)????????????????????????? Cdt1 ?????
???????????????????????????????????
?????????????Cdt1? N??????????????????
????????????????His-Cdt1-N??????????????
Cdt1??????????????????? 
?????His-Cdt1-N?????23?? 60??????????????
??????????? Cdt1????????????(Figure 4-1)?????
His-Cdt1-N ????????????????????? 50 µM ?????
? His-Cdt1-N?????????????????????????? Cdt1
??????????? (Figure 4-1)???????? His-Cdt1-N ????
Cdt1?????????????????????????
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??????????
? ?? ??????
?????????????????????? ?
??????????
? ??
????????
??????????
? ?? ??????
?
????????????????? ???? ???? ??????
???????????? ?????????? ????????? ?? ?????????????
??????????????????? ???????????????????? ????????????
????????
 
???? Cdt1 ??????????????? 
?  
Cdt1 ???????????????????????????DNA ??
?????????????????????????(Yanagi et al., 2002)?
????Cdt1 ? DNA?????????????????????????
???????? 
? ??????Cdt1 ????????????????????????? 
(Figure 4-2)?Cdt1 ???????????????? DNA?Cdt1 ????
????????23?? 20????????????? Cdt1???????
??????????????????????Cdt1???????????
???????????????????? (Figure 4-2)?????????
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?????????????????????????? Cdt1???????
????????????????????????Cdt1?????????
?????Cdt1?????????????Mcm6???????????? 
???????????????? Mcm2-7 ???????????????
?????????????? (Figure 4-2)???????Figure 3-1 C??
?? Cdt1????????DNA????????????????????
???????????? 
??? ?????
???? ??????
??? ???????
??? ???????
??? ???????
????????????
????
???? ???????? ???? ????? ???
?????? ???? ? ? ?
??? ?????????????
?????? ???? ? ? ?
??? ?????????????
 
??????????????????? ?????????????????
??????? ???? ????????????????????? ????? ? ???????????
??? ???????? ???????? ????????µ???? ???????????????? ??
????????????????????????????????????????
????????????? ?????? ???????????? ??????? ???????????
?? ??????????? ?????? ???????????? ????????
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???? Cdt1 ???????? DNA ???????? 
?  
????Cdt1 ???????? DNA?????????????????
Cdt1 ???????????????????? DNA ????????? 
(Figure 4-3)????Cdt1?????????????? buffer??????
?????????? buffer? buffer control????Cdt1????????
?????????????? 
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?????buffer control ????? DNA???????????????
??? buffer ?????????????????????????????
?????His-Cdt1-N?His-Cdt1-C???????????buffer control?
???? DNA??????????????????Cdc6????????
His-Cdt1-M????????????buffer control??????DNA???
????????? (Figure 4-3)? 
???????Cdc6???? Cdt1???????? His-Cdt1-M????
?????????????????? DNA???????????????
???????????????? Cdt1???????????? DNA??
???????????????????????????????????
??? 
 
???? His-Cdt1-M ??? DNA ????? 
?  
Cdt1?????????????????????????????????
??????????????????????????? DNA ????20
?? 23?????????????????????????32P-dATP?
geminin ????????????????????? 32P ????????
??????????????????? (Figure 4-4 ?)??? Cdt1???
??????????? buffer ???????????????? buffer ?
buffer control ????Cdt1 ??????????????????????
???His-Cdt1-N?His-Cdt1-C????????????buffer control??
???????????????????????His-Cdt1-M ??????
DNA????????????? 
20 
 
?
!
"!
#!!
! #$!
%&' ()*+#(,
%&' ()*+#(-
%&' ()*+#()
./00123456$
)*+#30278916+34564$33: ;-<
=
,
>
3
'?
6
+@
1
'&
'
:3
A
3
5
03
4
5
6
+2
5
B<
'C12936/4B1&
18831D+274+'
E3%&' ()*+#(FG3-G3)
B&416'&68
021'@31D+274+'
:3E819&6&6 G3HI(JKLM*>NL3<
21CB&47+&56
917'/21916+350
=,>3'?6+@1'&'
K$!!$#
 
??????????????????? ?????????????????????
?????????????????????????????????? ???????? ????????µ???
? ???????????????? ???? ?????????? ?????? ? ??????????????
??????????????????? ??????????????????????????????
???????????? ???? ?? ???????????????????????????
?????? ????????????? ??????? ??????? ??? ?????????? 
 
????Cdt1????????????????????????????
?????? 20??? Cdt1?Cdc6?Mcm4?Mcm6???????????
?? (Figure 4-5)?????????Cdt1????????????????
buffer? buffer control????????? 
?????His-Cdt1-N?His-Cdt1-M?????????????? Cdt1?
???????????????????His-Cdt1-C???????????
??????? Cdt1 ?????????pull-down assay ??????Cdc6
? Cdt1???? Cdt1-M???????????????? (Figure 3-4)??
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????????????????????????? (Figure 4-5)????
?????????????? Mcm4?Mcm6 ??????????????
His-Cdt1-N?His-Cdt1-M ??????????????????????
His-Cdt1-C?? 0.6 µM???????????????? (Figure 4-5)??
?????His-Cdt1-C???? DNA??????????????????
???????? 
???
????? ?
? ?????? ??? ?
??? ????? ??
???? ??????
???????????
?????????? ?
????????????
? ????????????????
??? ????? ????? ????? ??
??????????????????????????????
???????????
????
????
????
?????????????
??????? ????
 
??????????????????? ????????????? ???? ???????????
??
?????????????????????????????????? ???????? ????????µ????
???????????????? ???? ?????????? ?????? ? ?????????????? ?
?????????????????? ???????????????????????
???????????????????????????? 
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Mcm2-7 ??????????????????????????????
???????????????????????????????????
???????????????????????????????????
???????????????????????????????????
?????His-Cdt1-M???????????????????? DNA??
???????????????????????????????????
???????????????????His-Cdt1-M???????????
??????????????DNA???????????????????
??? 
 
???? Cdt1 ???????? DNA ????????????? 
?  
Cdt1-M???????Mcm2-7????????????????????
?????Figure 4-3????? DNA??????????????????
?????????????????????? Cdt1???????????
?????????????????????? 20????????????
???????? DNA??????????????????? 
??????? Cdt1????????????????????? 20??
? Cdt1????????????????????????????? 90?
??DNA???????? (Figure 4-6 A ?)?????20???His-Cdt1-N?
His-Cdt1-C??????????????????????????????
??????????????????? DNA??????????????
??????? (Figure 4-6 A)???????His-Cdt1-M? 20??????
23 
????????????????????? DNA????????????
???????????? 32%????????????? (Figure 4-6 A)? 
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????????? ???????? ????????µ??????? ????????????????
????????????????????????????????????????????? ???? ?
?????????? ???? ?????????? ?????? ???? ?????? ???????
????? ???? ??????????????? ?? ???????????????????
??????????????? ? ???? ???? ????????? ????????????
? ??????? ??????? ??? ???????????
???????????? ? ??? ????????? ??? ???????? ????????µ???? ??????
?????????? ???? ?????????? ?????? ? ?????????????? ??????
????????????? ????????????????????????????????????
??????????????? ??????????????? ?? ?????????????
???????????????????? ????????????? ??????? ??????? ???
???????????
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??? His-Cdt1-M? 20????????? DNA???????????
His-Cdt1-M ??????????????? (Figure 4-6 B)??????
His-Cdt1-M?????? DNA?????????????????????
? (Figure 4-3 ??) ????????????????? (Figure 4-6 B)? 
??? His-Cdt1-M ?????? DNA ?????????????????
DNA???????????????????????????? 
Xenopus???????DNA??????????????20??Mcm2-7
???????????????pre-RC??????????Mcm2-7???
? DDK (Dbf4-dependent kinase) ?????????????? pre-RC??
????? (Lei et al., 1997; Masai et al., 2005; Pereverzeva et al., 2000; Sato 
et al., 1997)?Mcm4??????????????Mcm4? SDS-PAGE??
?????????????????? (Figure 4-7, buffer control, 40 min.)?
???????????Mcm2-7???? Cdc45?Sld5-Psf1, 2, 3 (GINS) ?
???????? (Jares and Blow, 2000; Walter, 2000; Zou and Stillman, 
2000)????????? DNA????? DNA polymerase????????
?????????(Mimura et al., 2000; Walter and Newport, 2000)? 
????Cdt1?????????????????????????????
??????????????Cdt1-M? 0.6 µM??? DNA???????
?????0.6 µM? Cdt1??????????????????? 90???
??????????????????His-Cdt1-M????????????
??Mcm4 ????????????????????40 ??? DNA 
polymerase α?????????????????????????????
????????????DNA ?????????????? (Figure 4-7)?
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?? 40 ??? Mcm4 ???????????????? ???????? 
(Figure 4-7)???????? DNA?????????? replication protein A 
(RPA) ?????????? Rpa30?????His-Cdt1-M????????
??????????????(Figure 4-7)?????His-Cdt1-M?????
?????????????????????????? 
 
????
?????
????
???
????
? ?? ?? ?? ?? ? ?? ?? ?? ?? ? ?? ?? ?? ?? ? ?? ?? ?? ???? ????????
?????????????? ?????????? ?????????? ??????????
??? ??
 
??????????????????? ???????????? ??? ?????????????
???????????
???? ??????????? ????µ??????????????????? ????????
????????µ???? ???????????????? ???? ?????????? ?????? ?
?????????????? ?????????????????? ???? ???? ???? ???? ??
????????????????????????????????????????
???????????????? ?????? ???????????? ??????? ?????? ????????
???? ??????? ????????????? ??????????? ?????? ????????????
??????? ?????? ???????????? ??????α??????????????α?????????
?????? ??????? ????????
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???? Cdt1 ?????????? DNA ??????????? 
?  
????????????Cdt1? DNA?????????????????
???????????????????????????????????
?? Cdt1????????????????????His-Cdt1-M?????
??????? DNA????????DNA???????????????
??????????? (Figure 4-8)? 
? ?????DNA???? aphidicolin? caffeine??????????? 60
??????????????? aphidicolin ???? DNA polymerase??
???????????????????????????????????
????????????????????????????? caffeine ??
???????????????????????????????????
?????????? (APH-chromatin)?CDK ?????????? p21 ?
???????????????????DNA ????????? (Figure 
4-8 ?)????????p21 ??????????????????????
???????????????????????????????????
??????? 
????????????? 0.2 µM? GST-Cdt1????????????
DNA????????????? (Figure 4-8 A)????Cdt1??????
?????????Cdt1 ????????????????????????
????1.2 µM??DNA???????????????? (Figure 4-8 B)?
?????Cdt1 ???????? DNA?????????????????
???????? 
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???? ?? 
 
??Cdt1 ????????????  
 
????????????? Cdt1???????????????????
???????????????????????????????????
???geminin?????Mcm2-7?????????? Cdt1???????
?????? (Ferenbach et al., 2005; Yanagi et al., 2002)?????????
??? Cdt1? Cdc6??????????????????????????
?? (Tsuyama et al., 2005)?Cdt1? Cdc6???????????????
??????????????????????????????????? 
?????Cdt1 ? Cdc6 ???????????????????????
????????Cdt1???????????? pull down assay????Cdt1
? Cdc6 ????????????? Cdt1 ???? (Cdt1-M; 243-447) ??
?????????????????? (Figure 3-2)? 
???????????????? Cdt1???? pull-down assay????
Cdt1 ?????????????????? (Figure 3-5)?????Cdt1 ?
????????????????????? Cdt1 ????  (Cdt1-M; 
243-447) ??????????????????? (Figure 3-6)??????
??? DNA????????????????Cdt1 ???????????
???????????????????????????????????
?????????????????? Cdt1???????????????
?????????????????????????? 
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???????Cdt1 ? Cdc6 ???????????? DNA ??????
???????????????????????????????????
??????????????????????????????? DNA??
????????????????????????????????? 
????????????????????????????Cdt1????
? Cdc6 ????????????????????????????????
M??? Cdt1 ??????????? geminin ?????????????
????????anaphase-promoting complex (APC) ??????????
????? geminin?????M????????? DNA????????
???????? (Hodgson et al., 2002; McGarry and Kirschner, 1998)??
???????????????????????geminin ????????
? G1????????????????Cdt1? geminin?????????
?????????????? Cdt1????????????? Figure3-5?
?????? Cdt1?????????????????????? 
??????????????????????????????????
???????????????????????????????? 
 
???????????? Cdt1-Cdc6 ??????? 
 
?????Cdt1 ? Cdc6 ???????????????????????
???????????His-Cdt1-M???????????????????
??????????????????????????? (Figure 4-5)?Cdt1
??ORC??????????????? (Maiorano et al., 2000; Nishitani 
et al., 2000)??????????????His-Cdt1-M?????????ORC
30 
???????????????????????????????????
???? ORC?????????????????????????????
???????????????? Cdt1?????????????????
?????????????Cdc6????????????????????
???ORC????????????????????????? 
 
??Cdt1 ???????? DNA ?????? 
?  
???????????????????????????? Cdt1-N?
Cdt1-M?Cdt1-C????????????? DNA????????????
????????????Cdt1-N???? Cdt1?????????????
His-Cdt1-N ????????????????Cdt1 ????????? 
(Figure 4-1)???????????? Cdt1-N??????????????
???????????????? (Teer and Dutta, 2008)????????
??????????????DNA???????????????????
??????????????? (Figure 4-2)?Cdt1-C??Mcm2-7????
Mcm6??????????????? (Ferenbach et al., 2005)?His-Cdt1-C
????????????DNA??????????????????Mcm2-7
???????????????? (Figure 4-3?4-5)???????? Cdt1
? Mcm2-7 ?????????? Cdt1-C ????????????????
??????????Cdt1-M?????????????????Cdc6 ??
??????????????His-Cdt1-M?????????? DNA???
???????????????????????????????????
?????????????????????????? (Figure 4-3?4-5)? 
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???????????Cdt1 ? DNA?????????????????
???? geminin ?????????????????????? Cdt1 ??
??????????? (?????)?????Cdt1-M??? DNA????
?? Cdt1 ???????????????????????????????
Cdt1-M????DNA?????????????????????????
?(Figure 4-8)? 
Cdt1 ? DNA????????????????????????????
???????????????????????????????????
???????????DNA?????????????????????Cdt1
??????????????? Mcm2-7 ????????????????
???????DNA??????????Mcm2-7?????GINS? Cdc45
??????????????????????????????????
(Gambus et al., 2006; Moyer et al., 2006)??????Mcm6????????
Cdt1-C????????????????????????????????
?????????????????????????? Cdt1 ???Cdt1 ?
???????????????????????????????????
????????????????????????? Cdt1????????
????? Cdt1 mutant????????????????? 
Cdt1-M ???????Mcm4 ??????????????? DNA 
polymerase ???????????????????????DNA ????
??????????????? DNA ?????????????????
???? (Figure 4-7)???????????? Cdt1-M?????? Mcm4
???????????????????????????????????
??????????Cdc6???????????????????????
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???????????????????????????? Mcm2-7 ???
???????????????????????????????????
???????????????????????????????????
????????????Cdc6??????? Cdt1-M???? Cdc6???
????????????????????????? 
???????????????????????????????????
DNA?????????????????????????????????
?????????????????DNA????????????????
?????????????? 
 
????? 
?  
Cdt1 ? DNA????????????????????????????
???????????????????????????????????
???????????????????????? Cdt1?????????
????????????????????????????? Cdt1-M ??
??????????????????????????????? Cdt1??
???????????????????????????????????
???????????????????????????????????
?????????????????????????????????
mutant?????????????????? 
??????Cdt1??????????????? Cdc6??????Cdt1
??????????????????????? Mcm2-7 ????????
???????????????????????????????????
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Cdt1??????????????????? 
???? ?????????? 
 
??????????????????????????? Sigma-Aldrich?
Nacalai?Wako????????? 
 
???? ????????????? (ULSS)??? 
 
1.1 ????? 
1) ?????????? ? (???S???) 
2) Chorionic gonadotropin (???????????) (??????) 
  3) modified high salt barth (MHSB) 
110 mM NaCl?15 mM Tris?2 mM KCl?1 mM MgCl2 
HCl? pH7.6?????? 
  4) cystein buffer 
2.9% cystein-HCl-H20?1 mM EGTA (ethyleneglycol-bis-(2-amino 
ethylether)-N,N,N’,N’-tetraacetic acid) (Fkluka) 
NaOH? pH7.5?????? 
5) high salt barth (HSB) 
110mM NaCl?15 mM Tris?2 mM KCl?1 mM MgSO4?2 mM 
NaHCO3? 
0.5 mM Na2HPO4?2 mM EGTA (Fluka) 
HCl? pH7.6?????? 
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6) unactivated extraction buffer (UEB) 
50 mM KCl?50 mM HEPES-KOH (pH7.6)?5 mM MgCl2?5 mM 
EGTA (Fluka) 
????? 2-mercaptoethanol????? (??? 2 mM)? 
  7) cytochalasin B?? 
cytochalasin B???? 10 mg/ml?????? DMSO????
-20??????? 
  8) extract dilution buffer with sucrose (EDB-S) 
50 mM KCl? 50 mM HEPES-KOH (pH7.6)? 2 mM DTT 
(dithiothreitol)?0.4 mM MgCl2?0.4 mM EGTA?10% sucrose? 
10 µg/ml pepstatin A (???????)? 
10 µg/ml leupeptin (???????) 
 
1.2 ?? 
??????????????????????????????????
??? chorionic gonadotropin 200 U/????????2 ????????
MHSB 2 l/????????????? 18????????? 2???? 22?
??????????? 
?????????????????????MHSB ?????????
cystein buffer???????????????????3??? cystein buffer
????????? HSB?4?????? UEB ????? 3 ???????
UEB?????????Falcon2059???????? (2,220 rpm?4??2 min) 
????????????????????????????????? (8,960 
35 
rpm?4??12 min) ??????????????????????????
?????????????? Falcon2059????????? 1/1000???
cytochalasin B??? 15%??? EDB-S?????????????????
? (10,000 rpm?4??28 min) ???????????DNA???????
????????????????????????????????????
??????? (13,400 rpm?4??12 min) ?????? apoptotic????
??????????????????????????????????
1/100??? glycerol?????????? 20 µl???????????? 
 
???? ???????????? DNA ???  
 
2.1 ????? 
1) ?????????? ? (???????) 
2) MS222??   
0.2% (w/v) MS222 (ethyl 3-aminobenzoate methanesulfonate)? 
0.46% (w/v) NaHCO3 
3) ??????? 
Potter Elvehjam type Teflon glass homogenizer 
4) SuNaSp 
0.25 M sucrose?75 mM NaCl?0.5 mM spermidine?0.15 mM 
spermine 
5) 3% BSA-SuNaSp 
0.25 M sucrose?75 mM NaCl?0.5 mM spermidine?0.15 mM 
spermine?3% BSA 
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6) EB 
50 mM KCl?50 mM HEPES-KOH (pH7.6)?5 mM MgCl2 
????? 2-mercaptoethanol????? (??? 2 mM)? 
7) 30% glycerol-EB  
50 mM KCl?50 mM HEPES-KOH (pH7.6)?5 mM MgCl2?30% 
glycerol 
????? 2-mercaptoethanol????? (??? 2 mM)?  
8) ??????? 
Hoechst33258???? 1 mg/ml?????EB? 500??????
????? 
9) ?????? 
L-α-lysophosphatidylcholine, from Egg Yolk???? 2 mg/ml??
???????????-20??????? 
10) ????????? 
30 µm NYLON NET FILTERS NY30 (Millipore) 
11) ??? 
??? TOMY RL-131?????TOMY TS-39 
 
2.2 ?? 
???????????MS222????????????????????
???EB???????????????????????????????
?????????? EB 5 ml????????????????EB???
???????????????????????????????????
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??5?????????????????????????????????
? (2,500 rpm?4??5 min) ??????????????????????
???????????????????????????????????
? (2,500 rpm?4??5 min)???????? SuNaSp 2 ml????????
????????? 100 µl??????? 5??????????? 1 µl??
?????? 1 µl?????????????????????????? 95%
????????????????????????????????? 3% 
BSA-SuNaSp 2 ml???? 5?????????????????????? 
(2,500 rpm?4??5 min) ??????????????????? 3% 
BSA-SuNaSp 2 ml ? 1 ??EB 2 ml ? 2 ???????????? 30% 
glycerol-EB??????? DNA???? 
 
???? ??????????? 
 
???????????????? Cdt1 ????????His-Cdt1-N?
His-Cdt1-M?His-Cdt1-C??geminin??????????????????? 
 
3.1 His-tag ???????????? Cdt1 ????????????
? 
3.1.1 ??? 
1) His-Flag-Cdt1-N (pET-15b)?His-Flag-Cdt1-M (pET-15b)? 
? ? His-Flag-Cdt1-C (pET-15b) 
?????????????????? His-tag????????????
Cdt1???????????????????????? 
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2) His-geminin (pET-15b) 
?????????????????? His-tag????????????
Cdt1???????????????????????? 
 
 
3.1.2 ?????????? 
????????75 µg/ml ampicillin?100 µg/ml chloramphenicol????
? LB???????37????????????????? LB (+ 75 µg/ml 
ampicillin?100 µg/ml chloramphenicol) ?? (500 ml)?10?????37??
1??????????????16????????0.1 mM? IPTG????
??16??12????????????? (5,000 rpm?4??5 min)????
????? 
???? PBS?????sonication buffer 10 ml????????????
? (??????????3?10 sec???20 min)????? (17,800 rpm?4??
15 min) ???????????????????????????????
????sonication buffer??????Ni-NTA 1 ml ????4??????
??????????????????????wash buffer?????elution 
buffer???200 µL/???????20??????????????????
???????????????????????????????????
?????? buffer?????????? 
? His-Flag-Cdt1-N?His-Flag-Cdt1-C 
   sonication buffer 
    50 mM HEPES-KOH (pH8.0)?300 mM KCl?1.0% Triton X-100? 
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0.25 mM PMSF 
   wash buffer 
    50 mM HEPES-KOH (pH8.0)?300 mM KCl?0.01% Triton X-100? 
50 mM Imidazole 
   elution buffer 
    50 mM HEPES-KOH (pH8.0)?300 mM KCl?0.01% Triton X-100? 
500 mM Imidazole 
   dialyze buffer 
    50 mM HEPES-KOH (pH8.0)?200 mM KCl?0.01% Triton X-100? 
5 mM MgCl2 
? His-Flag-Cdt1-M 
   sonication buffer 
    50 mM HEPES-KOH (pH8.0)?300 mM KCl?1.0% Triton X-100? 
0.25 mM PMSF 
   wash buffer 
    50 mM HEPES-KOH (pH8.0)?300 mM KCl?0.01% Triton X-100? 
50 mM Imidazole 
   elution buffer 
    50 mM HEPES-KOH (pH8.0)?300 mM KCl?0.1% Triton X-100? 
500 mM Imidazole 
   dialyze buffer 
    50 mM HEPES-KOH (pH8.0)?300 mM KCl?0.1% Triton X-100? 
10% sucrose?5 mM MgCl2 
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? His-geminin 
sonication buffer 
    50 mM HEPES-KOH (pH8.0)?300 mM KCl?1.0% Triton X-100? 
0.25 mM PMSF 
wash buffer 
    50 mM HEPES-KOH (pH8.0)?300 mM KCl?0.1% Triton X-100? 
50 mM Imidazole 
   elution buffer 
    50 mM HEPES-KOH (pH8.0)?400 mM KCl?0.1% Triton X-100? 
500 mM Imidazole 
   dialyze buffer 
    50 mM HEPES-KOH (pH8.0)?400 mM KCl?0.1% Triton X-100? 
10% sucrose?5 mM MgCl2 
 
???? DNA ??????? 
 
4.1 ????? 
1) Stop C solution 
        20 mM Tris-HCl pH 7.5?5 mM EGTA?0.5% SDS? 
15 µg/ml ProteinaseK (MERCK)  
2) 10% TCA?? 
10% TCA (trichloroacetic acid)?2% Na4P2O7?10H2O 
3) 5% TCA?? 
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5% TCA?2% Na4P2O7?10H2O 
4) e.r 
        1 M phosphocreatin?0.6 mg/ml creatin phospho kinase 
  5) CHX 
        10 mg/ml cycloheximide 
 
 
4.2 ???? 
[α-32P]dATP??????? (+ e.r?CHX [????]) ???? DNA?????
23?? 90??? 180????????????????1??????? 160  
µl? Stop C???? DNA?????????37?? 30 min???????
??????????????????? 10% TCA??? 4 ml?? 4?? 30 
min ??????? DNA?????????????????????? 40  
µl ??????????????????????????????????
????????10% TCA???5% TCA????????????????
?????????????????????????? 2 ml???????
??????????????????? 32P???????????????
???????????3H ???? 1 min ???????????? 1%?
[α-32P]dATP?????????????????????? DNA?????
??[α-32P]dATP????????????????????????????
????? DNA??????????????? 
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???? ?????????? 
 
5.1 ?? 
1) TNIBA 
50 mM KCl?50 mM HEPES-KOH (pH7.6)?2 mM MgCl2?2 mM DTT? 
0.5 mM spermidine?0.15mM spermine?2.5mM ATP? 
10 µg/ml pepstatin A (???????)? 
10 µg/ml leupeptin (???????)?0.1% TritonX-100 
  
 
2) T’NIBA 
50 mM KCl?50 mM HEPES-KOH (pH7.6)?2 mM MgCl2?2 mM DTT? 
0.5 mM spermidine?0.15mM spermine?2.5mM ATP? 
10 µg/ml pepstatin A (???????)? 
10 µg/ml leupeptin (???????)?0.01% TritonX-100 
 
5.2 ?????????? 
??????????????????????????????????
? DNA ????????? (+ e.r?CHX) ??????????????
????TNIBA 1 ml ????????????????? 15% 
sucrose-TNIBA? 100 µl???? 9,100×g? 5???4?? swing rotor?
????????? ???????????????? TNIBA? 1 ml ?
???17,800×g? 5???4?? angle rotor??????????????
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???????????????????? sample buffer ???????
????100?? 5 min???? western blotting????????? 
?????????????????????????????????
????????????????? DNA ??????????????
?????????????TNIBA 1 ml???????????????
?? 15% sucrose-TNIBA? 100 ml???? 5,800×g? 5???4?? swing 
rotor ?????????? ?????????????????????
??????????????????? buffer?????? 
 
???? ???? 
 
6.1 ????? 
1) rProtein A Sepharose™ Fast Flow (Amersham Biosciences) 
2) LFB2/50  
40 mM HEPES-KOH (pH 8.0)?20 mM K-Pi (pH 8.0)?1 mM EGTA? 
10% sucrose?50 mM KCl?2 mM DTT?2 mM MgCl2? 
10 µg/ml pepstatin A (???????)? 
10 µg/ml leupeptin (???????)?2.5 mM ATP 
 
6.2 ?? 
rProtein A Sepharose???? 3 ???????100 mM HEPES-KOH 
(pH8.0) ? 3??????Sepharose (gel-bed) ? 5???????????
???????????????? 1/10??? 1 M HEPES-KOH (pH8.0) 
???? pH ????1 ???????????? 4???????????
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???????? Sepharose? 100 mM HEPES-NaOH (pH8.0)? 3???
??? LFB2/50? 3?????????????????????????
?????????????????????? Sepharose ??????
Sepharose (gel-bed) ??????????? 4?? 1??????????
????????????? (3,000 rpm?4??2 min) ?????????
???????????? 
 
???? pull down assay 
 
7.1 ????? 
  1) Ni-NTA 
  2) Gultathione-Sepharose 
  3) T-LFB2/50 
        50 mM KCl?40 mM HEPES-KOH pH 8.0? 
20 mM potassium phosphate?2 mM MgCl2?1 mM EGTA?2 mM 
DTT?10%(w/v) sucrose?1 µg/ml pepstatin A?1 µg/ml leupeptin? 
2.5 mM ATP?0.1% TritonX-100 
 
7.2 ??  
  1) His-tag ??? 
    His-tag????????????????? 23?? 20????????
?????T-LFB2/50 ?????? Ni-NTA ????4?????????
???????50mM? imidazole??? T-LFB2/50? 3?????sample 
buffer???????? 
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2) GST-tag ??? 
? ? GST-tag ????????????????? 23?? 20 ???????
??????T-LFB2/50 ?????? Glutathione Sepharose ????4?
? 90?????????????T-LFB2/50? 3?????sample buffer
???????? 
 
???? Licensing assay 
?  
??? DNA????????? (+ e.r?CHX) ?????????????
???????????????????????????????????4
?5 ???[α-32P]dATP?e.r?CHX ???????????????????
???????????????? geminin ????????? (??? 50  
µg/ml)???????????? geminin ????????????????
??????????????????????????? 23?? 90 ???
???????????????DNA???????????? DNA???
????[α-32P]dATP?????? 100????geminin??????????
?? DNA????????????????????? 
 
???? ?????????? 
 
9.1 ????? 
  1) Transfer buffer 
        0.1% SDS?0.3% Tris-base?1.44% glycine?20% methanol 
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2) ?????? 
        ? Xenopus Cdt1???? Xenopus Cdc6???? Xenopus Mcm6?
????????????????????? 
        ????Mcm4????????? ???????????? 
? ? ? ? ? RPA p30????????? ???????????? 
        ????? Pol α????????????? ???????????? 
   
3) ?????? 
        HRP-cojugated anti-Rabbit IgG antibody (Cell Signaling Tech)??
?HRP-cojugated anti-mouse IgG antibody (Cell Signaling Tech)?
????? 
? ? ? ? ????????-0.05%Tween-PBS???????? 
 
9.2 ?? 
SDS-PAGE?????????????? transfer buffer?????PVDF 
membrane (Bio-Rad)????? (30 V?6 hr)? 
???membrane???????????????? 1?????????
???????????0.05% Tween-PBS????????????????
? 1???????0.05% Tween-PBS????????????????? 1
??????? 
0.05% Tween-PBS?PBS???????????????????????
???? X ??????????????????????????????
?? 
47 
???? 
 
Arias, E. E., and Walter, J. C. (2006). PCNA functions as a molecular 
platform to trigger Cdt1 destruction and prevent re-replication. Nat Cell Biol 
8, 84-90. 
 
Bell, S. P., and Dutta, A. (2002). DNA replication in eukaryotic cells. Annu 
Rev Biochem 71, 333-374. 
 
Blow, J. J., and Laskey, R. A. (1988). A role for the nuclear envelope in 
controlling DNA replication within the cell cycle. Nature 332, 546-548. 
Chesnokov, I., Remus, D., and Botchan, M. (2001). Functional analysis of 
mutant and wild-type Drosophila origin recognition complex. Proc Natl Acad 
Sci U S A 98, 11997-12002. 
 
Chong, J. P., Mahbubani, H. M., Khoo, C. Y., and Blow, J. J. (1995). 
Purification of an MCM-containing complex as a component of the DNA 
replication licensing system. Nature 375, 418-421. 
 
Coleman, T. R., Carpenter, P. B., and Dunphy, W. G. (1996). The Xenopus 
Cdc6 protein is essential for the initiation of a single round of DNA 
replication in cell-free extracts. Cell 87, 53-63. 
 
Diffley, J. F. (1996). Once and only once upon a time: specifying and 
regulating origins of DNA replication in eukaryotic cells. Genes Dev 10, 
2819-2830. 
 
Donovan, S., Harwood, J., Drury, L. S., and Diffley, J. F. (1997). 
Cdc6p-dependent loading of Mcm proteins onto pre-replicative chromatin in 
budding yeast. Proc Natl Acad Sci U S A 94, 5611-5616. 
 
Ferenbach, A., Li, A., Brito-Martins, M., and Blow, J. J. (2005). Functional 
domains of the Xenopus replication licensing factor Cdt1. Nucleic Acids Res 
33, 316-324. 
 
 
48 
Gambus, A., Jones, R. C., Sanchez-Diaz, A., Kanemaki, M., van Deursen, F., 
Edmondson, R. D., and Labib, K. (2006). GINS maintains association of 
Cdc45 with MCM in replisome progression complexes at eukaryotic DNA 
replication forks. Nat Cell Biol 8, 358-366. 
 
Grallert, B., and Sipiczki, M. (1991). Common genes and pathways in the 
regulation of the mitotic and meiotic cell cycles of Schizosaccharomyces 
pombe. Curr Genet 20, 199-204. 
 
Herbig, U., Marlar, C. A., and Fanning, E. (1999). The Cdc6 
nucleotide-binding site regulates its activity in DNA replication in human 
cells. Mol Biol Cell 10, 2631-2645. 
 
Hodgson, B., Li, A., Tada, S., and Blow, J. J. (2002). Geminin becomes 
activated as an inhibitor of Cdt1/RLF-B following nuclear import. Curr Biol 
12, 678-683. 
 
Hofmann, J. F., and Beach, D. (1994). cdt1 is an essential target of the 
Cdc10/Sct1 transcription factor: requirement for DNA replication and 
inhibition of mitosis. Embo J 13, 425-434. 
 
Ishimi, Y. (1997). A DNA helicase activity is associated with an MCM4, -6, 
and -7 protein complex. J Biol Chem 272, 24508-24513. 
 
Jares, P., and Blow, J. J. (2000). Xenopus cdc7 function is dependent on 
licensing but not on XORC, XCdc6, or CDK activity and is required for 
XCdc45 loading. Genes Dev 14, 1528-1540. 
 
Lee, C., Hong, B., Choi, J. M., Kim, Y., Watanabe, S., Ishimi, Y., Enomoto, T., 
Tada, S., and Cho, Y. (2004). Structural basis for inhibition of the replication 
licensing factor Cdt1 by geminin. Nature 430, 913-917. 
 
Lei, M., Kawasaki, Y., Young, M. R., Kihara, M., Sugino, A., and Tye, B. K. 
(1997). Mcm2 is a target of regulation by Cdc7-Dbf4 during the initiation of 
DNA synthesis. Genes Dev 11, 3365-3374. 
 
49 
Lisziewicz, J., Godany, A., Agoston, D. V., and Kuntzel, H. (1988). Cloning 
and characterization of the Saccharomyces cerevisiae CDC6 gene. Nucleic 
Acids Res 16, 11507-11520. 
 
Lohka, M. J., and Masui, Y. (1983). Formation in vitro of sperm pronuclei 
and mitotic chromosomes induced by amphibian ooplasmic components. 
Science 220, 719-721. 
 
Maga, G., and Hubscher, U. (2003). Proliferating cell nuclear antigen 
(PCNA): a dancer with many partners. J Cell Sci 116, 3051-3060. 
 
Maine, G. T., Sinha, P., and Tye, B. K. (1984). Mutants of S. cerevisiae 
defective in the maintenance of minichromosomes. Genetics 106, 365-385. 
 
Maiorano, D., Moreau, J., and Mechali, M. (2000). XCDT1 is required for the 
assembly of pre-replicative complexes in Xenopus laevis. Nature 404, 
622-625. 
 
Masai, H., You, Z., and Arai, K. (2005). Control of DNA replication: 
regulation and activation of eukaryotic replicative helicase, MCM. IUBMB 
Life 57, 323-335. 
 
McGarry, T. J., and Kirschner, M. W. (1998). Geminin, an inhibitor of DNA 
replication, is degraded during mitosis. Cell 93, 1043-1053. 
 
Mimura, S., Masuda, T., Matsui, T., and Takisawa, H. (2000). Central role 
for cdc45 in establishing an initiation complex of DNA replication in Xenopus 
egg extracts. Genes Cells 5, 439-452. 
 
Moyer, S. E., Lewis, P. W., and Botchan, M. R. (2006). Isolation of the 
Cdc45/Mcm2-7/GINS (CMG) complex, a candidate for the eukaryotic DNA 
replication fork helicase. Proc Natl Acad Sci U S A 103, 10236-10241. 
 
Nishitani, H., Lygerou, Z., Nishimoto, T., and Nurse, P. (2000). The Cdt1 
protein is required to license DNA for replication in fission yeast. Nature 404, 
625-628. 
50 
Nishitani, H., Sugimoto, N., Roukos, V., Nakanishi, Y., Saijo, M., Obuse, C., 
Tsurimoto, T., Nakayama, K. I., Nakayama, K., Fujita, M., et al. (2006). Two 
E3 ubiquitin ligases, SCF-Skp2 and DDB1-Cul4, target human Cdt1 for 
proteolysis. Embo J 25, 1126-1136. 
 
Pereverzeva, I., Whitmire, E., Khan, B., and Coue, M. (2000). Distinct 
phosphoisoforms of the Xenopus Mcm4 protein regulate the function of the 
Mcm complex. Mol Cell Biol 20, 3667-3676. 
 
Sato, N., Arai, K., and Masai, H. (1997). Human and Xenopus cDNAs 
encoding budding yeast Cdc7-related kinases: in vitro phosphorylation of 
MCM subunits by a putative human homologue of Cdc7. Embo J 16, 
4340-4351. 
 
Speck, C., Chen, Z., Li, H., and Stillman, B. (2005). ATPase-dependent 
cooperative binding of ORC and Cdc6 to origin DNA. Nat Struct Mol Biol 12, 
965-971. 
 
Tada, S., and Blow, J. J. (1998). The replication licensing system. Biol Chem 
379, 941-949. 
 
Tada, S., Chong, J. P., Mahbubani, H. M., and Blow, J. J. (1999). The RLF-B 
component of the replication licensing system is distinct from Cdc6 and 
functions after Cdc6 binds to chromatin. Curr Biol 9, 211-214. 
 
Tada, S., Li, A., Maiorano, D., Mechali, M., and Blow, J. J. (2001). Repression 
of origin assembly in metaphase depends on inhibition of RLF-B/Cdt1 by 
geminin. Nat Cell Biol 3, 107-113. 
 
Tanaka, T., Knapp, D., and Nasmyth, K. (1997). Loading of an Mcm protein 
onto DNA replication origins is regulated by Cdc6p and CDKs. Cell 90, 
649-660. 
 
Teer, J. K., and Dutta, A. (2008). Human Cdt1 lacking the evolutionarily 
conserved region that interacts with MCM2-7 is capable of inducing 
Re-replication. J Biol Chem. 
51 
Tsuyama, T., Tada, S., Watanabe, S., Seki, M., and Enomoto, T. (2005). 
Licensing for DNA replication requires a strict sequential assembly of Cdc6 
and Cdt1 onto chromatin in Xenopus egg extracts. Nucleic Acids Res 33, 
765-775. 
 
Walter, J., and Newport, J. (2000). Initiation of eukaryotic DNA replication: 
origin unwinding and sequential chromatin association of Cdc45, RPA, and 
DNA polymerase alpha. Mol Cell 5, 617-627. 
 
Walter, J. C. (2000). Evidence for sequential action of cdc7 and cdk2 protein 
kinases during initiation of DNA replication in Xenopus egg extracts. J Biol 
Chem 275, 39773-39778. 
 
Wohlschlegel, J. A., Dwyer, B. T., Dhar, S. K., Cvetic, C., Walter, J. C., and 
Dutta, A. (2000). Inhibition of eukaryotic DNA replication by geminin 
binding to Cdt1. Science 290, 2309-2312. 
 
Yanagi, K., Mizuno, T., You, Z., and Hanaoka, F. (2002). Mouse geminin 
inhibits not only Cdt1-MCM6 interactions but also a novel intrinsic Cdt1 
DNA binding activity. J Biol Chem 277, 40871-40880. 
 
You, Z., Komamura, Y., and Ishimi, Y. (1999). Biochemical analysis of the 
intrinsic Mcm4-Mcm6-mcm7 DNA helicase activity. Mol Cell Biol 19, 
8003-8015. 
 
Zou, L., and Stillman, B. (2000). Assembly of a complex containing Cdc45p, 
replication protein A, and Mcm2p at replication origins controlled by S-phase 
cyclin-dependent kinases and Cdc7p-Dbf4p kinase. Mol Cell Biol 20, 
3086-3096. 
 
 
 
